INTRODUCTION
About 3.5%-10% of patients with newly diagnosed breast cancer present with concurrent metastatic disease 1 . Given that the 5-year survival for this group of patients is approximately 20%, management has tended to focus on palliative systemic therapy 2, 3 . Locoregional treatments to the breast and axilla have usually been reserved for palliating symptomatic local disease, because the perception has been that survival depends on the metastatic disease burden and not on local therapy 2, 3 .
Multiple case studies and several meta-analyses have reviewed the association of local therapy with improved overall survival. Those studies ( Table i ) have suggested that combined multimodality therapy-surgery, radiotherapy, and systemic therapy-may provide a survival advantage in this patient population [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 20, 23, 25, 26 , but the strength of the studies has been hampered by their retrospective nature. Confounding factors in these trials include
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Background
Approximately 10% of new breast cancer patients will present with overt synchronous metastatic disease. The optimal local management of those patients is controversial. Several series suggest that removal of the primary tumour is associated with a survival benefit, but the retrospective nature of those studies raises considerable methodologic challenges. We evaluated our clinical experience with the management of such patients and, more specifically, the impact of surgery in patients with synchronous metastasis.
Methods
We reviewed patients with primary breast cancer and concurrent distant metastases seen at our centre between 2005 and 2007. Demographic and treatment data were collected. Study endpoints included overall survival and symptomatic local progression rates.
Results
The 111 patients identified had a median follow-up of 40 months (range: 0.6-71 months). We allocated the patients to one ot two groups: a nonsurgical group (those who did not have breast surgery, n = 63) and a surgical group (those who did have surgery, n = 48, 29 of whom had surgery before the metastatic diagnosis). When compared with patients in the nonsurgical group, patients in the surgical group were less likely to present with T4 tumours (23% vs. 35%), N3 nodal disease (8% vs. 19%), and visceral metastasis (67% vs. 73%). Patients in the surgical group experienced longer overall survival (49 months vs. 33 months, p = 0.01) and lower rates of symptomatic local progression (14% vs. 44%, p < 0.001). timing of the primary surgery (before or after the radiologic staging that showed metastatic disease), hormone and human epidermal growth factor receptor 2 (her2) status, metastatic burden, type and timing of systemic therapy, sites of metastases (visceral or bone only), and performance status. In most series, it appears that surgical removal of the primary breast tumour was performed mainly in patients with oligometastases, who responded to systemic therapy, and who had a good performance status with no visceral metastases 6, 7, 10, 12, 15 . Even in the absence of an overall survival benefit, breast surgery may reduce the incidence of uncontrolled local disease 12, 25 , which can include skin ulceration, discharge, pain, discomfort, and bleeding. Two retrospective studies (Table ii ) correlated surgery and prevention of uncontrolled chest wall disease in metastatic breast cancer. Carmichael et al. 25 reviewed 20 patients with metastatic breast cancer who all underwent resection of the primary tumour. Only 3 patients developed local disease progression. In 111 patients, Hazard et al. reported a significant difference in local control of disease associated with surgical resection of the primary tumour (82% in the surgical group vs. 34% in the nonsurgical group; hazard ratio: 0.415; p < 0.0002) 12 .
To date, very few prospective trials have addressed the role of surgery in metastatic breast cancer (Table iii) . Recently, the Eastern Cooperative Oncology Group initiated a prospective randomized trial (E2108) of surgery in patients presenting with stage iv breast cancer. Patients responding to initial systemic therapy are being randomized to either continuing systemic therapy (with surgery or radiotherapy, or both, for locoregional complications) or to local surgery and radiotherapy. The primary endpoint of the study is survival; a large number of secondary clinical and biologic endpoints are also being evaluated.
Given that local control in metastatic breast cancer remains an important unanswered question, we evaluated our clinical experience in managing such patients, and more specifically, we determined the impact of surgery on overall survival and symptomatic local progression rates in patients with synchronous metastasis.
METHODS
Our retrospective study investigated the role of surgical resection in the treatment of patients presenting with metastatic breast cancer. After ethics approval by the Institutional Review Board, the Ottawa Cancer Centre database (Metriq) was queried for women presenting with metastasis at the time of diagnosis at the Centre between 2005 and 2007. Medical records were reviewed for age at diagnosis, laterality, histology of the tumour, clinical and pathologic size of the primary tumour, lymph node status, hormone receptor status, her2 overexpression, location and number of metastases, mode and date of surgical treatment, margin status, use of radiotherapy, systemic therapy, time to local progression, and local disease status at the time of diagnosis, the time of death, or the time of last contact.
The patients were divided into two groups. Those who did not undergo surgical resection of the primary tumour were allocated to the nonsurgical group, and those who underwent resection of the primary tumour at some time after diagnosis were allocated to the surgical group. Metastases in these patients were detected either before surgery or after surgery during routine postoperative radiologic staging.
"Local progression" (also called "absence of local control") was defined as follows:
• Any asymptomatic primary tumour, breast, axilla, or chest wall that at some point in time became symptomatic (redness, pain, discomfort, skin dimpling, ulceration, and so on) • Any symptomatic primary tumour, breast, axilla, or chest wall that was controlled by therapy (systemic or local) but that later progressed • Any symptomatic primary tumour, breast, axilla, or chest wall that was never controlled by any therapy (systemic, local) and that kept progressing
The date of local progression was the first date at which the physician observed and documented the local disease.
Statistical Analysis
The SPSS software application (SPSS, Chicago, IL, U.S.A.) was used for all statistical analyses. Baseline characteristics were not matched between the two groups. We therefore used the Pearson chi-square test to compare the previously noted prognostic factors in overall survival and local progression (including hormone receptor and her2 status and tumour and nodal stage) between the groups. Cox proportional hazards models were used to evaluate the associations of surgery with the overall survival and time to local progressive disease outcomes. Kaplan-Meier plots were used to demonstrate the differences in time to local progression and survival stratified by surgical treatment status. The endpoints in data analysis were also stratified by surgical treatment status. The endpoint for overall survival was death, and for local disease progression, it was local disease progression-free survival. Because of their previously noted association with survival, potentially confounding factors, including resectability at presentation, hormone receptor and her2 status, and presence of visceral metastasis, were compared between the groups in the multivariate analyses 27,28 .
RESULTS
Between 2005 and 2007, 111 women (average age: 63 years) presented with either stage iv disease or with metastatic disease at the time of postoperative staging (nonsurgical group: 63 patients, average age 64 years; surgical group: 48 patients, average age 61 years). The median follow-up in the entire population was 40 months (range: 0.6-71 months). Table iv shows the clinical characteristics of the patients.
All but 6 patients (5 in the nonsurgical group, 1 in the surgical group) received systemic therapy in form of either hormonal therapy or chemotherapy. In the nonsurgical group, 17.4% of patients received 3 or more regimens of chemotherapy; in the surgical group, 40.7% received 3 or more regimens. In the nonsurgical group, 23% of patients received more than 2 lines of endocrine therapy; in the surgical group, 25% received such therapy.
Of the 48 patients in the surgical group, 29 underwent their surgery before the diagnosis of metastasisthat is, disease was discovered during postoperative radiologic staging. Patients in the nonsurgical group were more likely to have larger tumours with skin involvement and visceral metastasis. The proportion of patients who presented with T4 tumours was 35% (22 of 63) in the nonsurgical group and 23% (11 of 48) in the surgical group. N3 disease was found in 12 patients (19%) in the nonsurgical group and in 4 patients (8%) in the surgical group. The pattern of metastases was found to be different in the two groups. Visceral metastases were diagnosed in 73% of patients (46 of 63) in the nonsurgical group and in 67% of patients (32 of 48) in the surgical group. The percentage of patients who had brain metastasis at the time of diagnosis was 13% (8 of 63 nonsurgical patients) and 8% (4 of 48 surgical patients). Using the Pearson chi-square test, none of the differences was statistically significant, a result that probably reflects the small sample size.
The mean overall survival was 33 months (95% confidence interval: 26-39 months) in the nonsurgical group and 49 months (95% confidence interval: 41-55 months) in the surgical group (p = 0.016, Figure 1 ). (12) 8 (4) 14 (16) 0.123 N2 14 (9) 21 (10) 17 (19) 0.51 N1
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Triple-negative 9 (6) 10 (5) 10 (11) Local progression occurred in 44% of patients (28 of 63) in the nonsurgical group and in 14% of patients (7 of 48) in the surgical group (p < 0.001, Figure 2 ). When the primary tumour progressed locally, systemic therapy was able to control local disease in only 2 cases. To control other covariates for overall survival, a multivariate analysis using the Cox proportional hazards model was applied. Hormone receptor and her2 status and the presence of visceral metastasis were prognostic factors included in the equation to compare overall survival between two groups. After correcting for those factors, the surgery group had a statistically significantly better survival. Positive hormone receptor status and surgical resection were both associated with better survival, p < 0.001 and p = 0.041 respectively.
To control for locally advanced tumour stage at diagnosis (T4) and for progression of local disease, a multivariate analysis using the Cox proportional hazards model was applied. In the multivariate equation, surgery and a potentially resectable tumour at presentation were both associated with significantly better local progression-free survival, p < 0.001 and p < 0.001 respectively. In patients who underwent surgical treatment for the primary tumour, mean overall survival was not different between the groups that had surgery before and after the diagnosis of metastasis (mean survival: 50 months vs. 42.5 months, p = 0.47)
DISCUSSION
The optimal management of stage iv breast cancer is unknown, and thus there is no consensus about the value of surgery in the management of this population. A clinician and a patient may consider surgical resection of the primary tumour in this setting for multiple reasons 29 .
The effect of resection of the primary tumour in metastatic breast cancer patients can be divided into two main areas: the effect of surgery on overall survival and its effect on local disease control.
There is some evidence that surgery may be associated with improved overall survival [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 20, 23, 25, 26 . However little is known about the effect of surgery and uncontrolled local disease in metastatic breast cancer. Hazard et al. 12 showed that surgery was associated with better local control and that chest wall control was associated with improved overall survival regardless of whether surgical resection of the tumour was performed (hazard ratio: 0.415; p < 0.0002). Carmichael and colleagues 25 reviewed 20 selected patients with metastatic breast cancer who underwent surgical resection of a primary tumour. After 20 months of follow-up, only 3 patients had developed local disease progression. The foregoing studies concluded that local surgery has a role in controlling local disease in selected patients with metastatic breast cancer.
The biologic perspective and evidence regarding interactions between the primary tumour and foci of metastasis are extensive and complex. The literature suggests that complex and bi-directional interactions occur between the primary tumour and metastatic foci. A comprehensive review of those interactions is outside of scope of the present study, but some publications suggest that resection of the primary tumour might enhance the growth of metastatic disease 30, 31 because of induction of angiogenesis in dormant distant micrometastatic foci as a result of the surgical resection 32 . The theory is that removal of the primary induces growth factor production because the primary tumour was producing angiogenesis inhibitors [33] [34] [35] [36] [37] [38] . Alternatively, other hypotheses suggest that resection of the primary tumour may reduce the risk of metastasis growth. In theory, the primary tumour acts as a "seed source" for the development of new metastases, and its resection could potentially lower the chances of further progression 5, 29, 39 . Another hypothesis is that resection of primary tumour reduces the burden of disease and potentially makes chemotherapy more effective 29 . There is also a counterargument that removing a primary tumour can promote cancer cell proliferation by suppressing cell-mediated immunity 40 . Self-seeding is another new concept that explains the active role of primary tumour not only in a unidirectional system as a source of metastasis, but also as a location from which metastatic cells might seed back and regrow (reviewed in Comen et al. 41 ). Based on the latter theory, circulating metastatic cells also contribute to primary tumour growth 42 . The idea is that cellular seeds might spread from the tumour, forming a metastatic site, but might also be capable of returning to the primary and inducing new metastases 42 .
Our study compared the rates of local disease progression in patients who underwent surgical resection of the primary tumour and in those who did not. Local progression occurred in 44% of patients in the nonsurgical group and in 14% of patients in the surgical group (p < 0.001). However, characteristics of patients in the two groups were not homogenous. Locally advanced tumours (T4 or N3) were more common in the nonsurgical group than in the surgical one (T4: 35% vs. 23%; N3: 19% vs. 8%). Our results suggest that surgery might have a role in prevention of local disease progression in a selected group of patients. That hypothesis needs to be further validated and defined by a prospective randomized study.
Any correlation between resection of the primary tumour and overall survival in metastatic breast cancer patients remains unclear. Multiple retrospective studies from single institutions and populationbased series have demonstrated improved survival in women diagnosed with metastatic breast cancer who undergo surgery for an intact primary tumour (Table i) [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] 20, 23, 25, 26 .
Our study also showed that survival was improved in the surgical group compared with the nonsurgical group (49 months vs. 33 months, p = 0.01). However, two studies also showed no survival benefit in this population 18, 19, 21, 22 . From the series showing a survival benefit associated with surgery, the patients selected by physicians for surgical removal of the primary tumour are observed usually to have a lower burden of systemic disease, a lesser likelihood of visceral metastasis, or smaller tumours 6, 12 . In one study, 74% of the patients in the surgical group had only 1 site of metastasis, but only 53% of the patients in the nonsurgical group had just 1 site 12 . The observed association between surgery and improved survival may be reflective of an inherent bias of surgeons to operate on patients with less-extensive disease and better performance status. However, that assumption is not always the case. In a recent retrospective review from Malaysia, Pathy et al. observed a beneficial effect of surgical resection of the primary tumour in a cohort of patients who predominantly had locally advanced disease 19 . About 80% of all the patients presented with T4 disease in that study (81.8% in the non-surgery group and 77% in the surgery group) 19 .
In another retrospective population-based study, Ly et al. studied the effect of local therapy (surgery and radiation) on survival in 8761 patients. They found a significant survival benefit with surgical treatment or radiotherapy, or both, to the primary site. However, their report showed that some poor tumour characteristics such as hormone receptor negativity and high histologic grade were more frequent in the surgical patients (estrogen receptor-negative and histologic grades 3 and 4: 18% and 37% in the nonsurgical group, 21% and 46% in the breast-conserving surgery group, and 23% and 52% in the mastectomy group) 17 . This variability between studies is important and can only be resolved by a randomized prospective study.
Parmar et al. reported interim results of a prospective randomized study (NCT00193778) 43 . This in-progress prospective randomized controlled trial is one of those (Table iii) addressing the effect of surgical resection of primary tumour in stage iv breast cancer. At the time of publication, 125 women had been recruited. The authors reported no statistically significant differences between the surgery and the observation groups in either progression-free survival or overall survival. Indeed, they reported that survival was worse in the surgical group (42.9% vs. 58.5%, p = 0.97). Importantly, however, to detect even a 10% advantage in 3-year survival in patients undergoing surgical resection of the primary tumour, a study involving about 700 patients would be required 44 . Among the ongoing prospective trials, only the E2108 trial may be powered to detect such a small level of improvement; the target population size in that study is 800 patients.
In the present study, 29 of 48 patients who underwent surgery were diagnosed with metastatic disease just after surgery during postoperative staging. In that group (that is, more than half the entire surgical group), the bias might favour surgery being performed on those who present with nonsymptomatic metastatic disease, with potentially curative intent. However, our review shows no statistically significant difference in overall survival between the patients who had surgery before and after a diagnosis of metastasis.
Also in the present study, the mean overall survival was significantly lower in the nonsurgical group than in the surgical one (33 months vs. 49 months, p = 0.01). After controlling for prognostic factors such as hormone status and visceral metastasis, overall survival was still significantly different between the groups. The inherent bias of a retrospective study may not be completely overcome by a multivariate analysis. Without a prospective randomized clinical trial, the role of surgery in stage iv patients cannot be fully evaluated, demonstrating the importance of supporting randomized controlled trials such as E2108.
CONCLUSIONS
The optimal management of local disease in patients with metastatic breast cancer remains unknown. In the present study, improved overall survival and improved symptomatic local control were observed in a group of patients who underwent surgery. However, that group also appeared to present with less-aggressive disease. Given the considerable limitations of retrospective studies (ours and others), it is imperative that support be given to prospective studies such as the ongoing phase iii clinical trial E2108. If excision of the primary tumour is associated with a survival benefit, then the preselected subgroup of patients who have responded to initial systemic therapy may be exactly the desired population to put the hypothesis to the test.
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